One hundred ninety-two workers in a German pesticide factory who were exposed to polychlorinated dibenzodioxins and -furans (PCDD/PCDF) were investigated for former and present diseases and laboratory changes of the immune system. Moreover, in a subgroup of 29 highly exposed and 28 control persons, proliferation studies were performed. In addition to assays such as blood count, immunoglobulins, serum electrophoresis, monoclonal bands, surface markers, autoantibodies, and lymphocyte proliferation, two new methods, the rise of tetanus antibody concentration after vaccination and the in vitro resistance of lymphocytes to chromate, were used to diagnose the morphologic and functional state of the immune system. There was no stringent correlation of actual PCDD/PCDF concentrations with the occurrence of infections or with one of the immune parameters. In addition, outcomes of the tetanus vaccination and the chromate resistance test were not correlated with PCDD/PCDF. However, the chromate resistance of lymphocytes stimulated by phytohemagglutinin of highly exposed persons was significantly lower than that for the control group. These findings indicate that the function of lymphocytes can be stressed and possibly impaired by high exposure to PCDD/PCDF. Environ Health Perspect 1 06(Suppl 2):689-695 (1998). http.//ehpnetl.niehs.nih.gov/docs/1998/Suppl-2/689-695jung/abstract.html
Introduction 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD) and its congeners are well known immunotoxicants. Previous studies point to the B cell as the primary target of the immunotoxicity of TCDD (1) (2) (3) . B cells are a very sensitive target of TCDD even in humans; concentrations of the toxin in vitro as low as 10-14 mol were capable of reducing the number of these cells (4) . However, these findings could not be corroborated in a later study (5) . The development of T cells in animals is also impaired by TCDD because of damage to the thymic epithelium and the lymphoid precursor cells before they enter the thymus (6) (7) (8) . Reports about the damage of other immunocompetent cells (natural killer cells, cytotoxic T lymphocytes, polymorphonuclear cells) are equivocal (9) (10) (11) (12) (13) (14) .
Existing epidemiologic studies in humans have not revealed consistent patterns of damage to the immune system by TCDD and its congeners. To date, except for one morbidity study (15) in which an increased incidence of infectious diseases, especially appendicitis, was found in TCDD-exposed individuals, all epidemiologic studies have been restricted to evaluation of laboratory parameters.
The number of circulating lymphocytes in exposed persons was found to be lower immediately after but not a year after the accident in Seveso, Italy (16) . After environmental exposure they were lowered in persons living in Quail Run, Missouri (17) , but increased in persons in Times Beach, Missouri (18) . The number of circulating lymphocytes was elevated among inhabitants of Vietnam exposed to Agent Orange and therefore TCDD (19) .
There was no change in the lymphocyte subgroups in members of the exposed population of Seveso (16) and in decontamination workers (20) . A decrease of CD4+ cells and of the T4/T8 ratio was seen in the cohort of Quail Run (17, 21) , a rise of CD8+ cells in the Times Beach cohort (18) , and a decrease of these cells in the Badische Anilin-und Sodafabrik cohort (22) . Natural killer cells were slightly lowered (22) or increased (23) after occupational exposure.
The function of lymphocytes was impaired in a cohort formerly working in a plant where 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) was produced (24) and in the initial investigation of the Quail Run cohort (17) . Later investigations in the latter cohort did not corroborate these findings (21) . In the Seveso and Times Beach cohorts and in decontamination workers proliferation of lymphocytes of exposed persons was undisturbed (16, 18, 25) . A lowered ability of phagocytosis of the blood cells was reported among exposed Vietnamese subjects (19) .
The Multi-Merieux test (17) , a test on the function of reagibility on delayedtype antigens, was not changed in the Boehringer cohort (26) and was depressed in the Quail Run cohort in 1986 (17) but not in 1989 (21) .
Immunoglobulin (Ig)G concentration in blood was decreased (26) , unchanged (23) , and increased (18, 22) after exposure to TCDD and its congeners. Components of the complement system were investigated in only two studies (16, 22) ; in both studies, C3 and C4 concentrations in blood were increased. In two other studies, one on workers of a pesticide-producing factory (23) (27) ] under the influence of TCDD; immune complexes and autoantibodies in blood also increase with exposure. Human lymphocyte proliferation studies showed either no difference between the exposed and control groups or proliferation ability was lowered in accordance to exposure with polychlorinated dibenzo-p-dioxins/polychlorinated dibenzo-p-furans (PCDD/PCDF). In these human studies, therefore, impairment of lymphocyte function was more evident than morphological changes.
In this present study we examined a group of former workers of a pesticide-producing plant, who still exhibited high body burdens of TCDD and its congeners, for changes of morphologic and functional properties of the immune system. Immunologic Studies Study participants were asked on a questionnaire about their medical and work histories. Also, their health status was investigated clinically. They were asked especially about occurrence and frequency of infectious diseases, cancer, and previous or current drug intake. Measurements of immunologic parameters were obtained through blood and urine samples ( Table 1) .
Methods
Analysis of erythrocyte sedimentation rate (ESR), full blood count, and serum electrophoresis IgA, IgG, and IgM were determined with the Behring Nephelometer II Analyzer (Behring Diagnostics, Marburg, Germany) using the original fixed-time method and the original reagent kits of the Behring company. 
Results

Infectous Diseases
No statistically significant correlation (p<0.05) was observed in this analysis for PCDD/PCDF exposure and the frequency of infectious diseases (Table 2 ) when using logistic regression. Only infections of the lung and fungal infections of the skin showed some borderline correlation (0.05 <p<0.10).
Basic boratory Parameters
Of the variables of the full blood count, ESR, serum electrophoresis, IgA, IgG, and IgM, none were significantly correlated with exposure to PCDD/PCDF using the x2 test.
Tetanus Vaccination
The absolute and the relative rise of the concentration of tetanus antibodies 3 weeks after vaccination was calculated. No correlation between TCDD or TEQ levels subgroups proliferation response on tetanus toxoid is higher in the exposed group than in the nonexposed group; this is probably because of the groups' different vaccination status.
Chromate Resistance
The chromate resistance test is designed to yield a cumulative factor of the immunotoxic preload of lymphocytes. 
Conclusions
The clinical and laboratory results of this study did not offer convincing evidence that the immune systems of the investigated workers were severely injured by their former occupational exposure to TCDD and its congeners. This may be because of the epidemiologic limitations of the study, which was designed primarily as a service to the former workers. Nevertheless, the reduced in vitro chromate resistance of lymphocytes suggests that these exposed workers could have higher preloads of toxins that can impair the immune system. These findings and the results of Ernst et al. (33) suggest that exposure to PCDD/PCDFs can influence the function of human lymphocytes.
